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(54) SURGE PROTECTIVE DEVICE AND SURGE PROTECTIVE SYSTEM

(57) A surge protective device (SPD) (1) includes a
jack (10) and a plug (30) detachably attached by insertion
to the jack (10). Inside the plug (30), a protection circuit
(34) which protects equipment to be protected against
intruding lightning surge, a degradation detecting unit
(40) which detects a degradation state of the protection
circuit (34), a display unit (45) which displays the detec-
tion result, or the like, are provided. When a plurality of

SPDs (1) are installed together, a juncture plug (25) which
detachably connects between juncture terminals (15-1,
15-2) within the adjacent SPDs (1) is provided. The de-
tection result of the degradation detecting unit (40) within
the plug (30) is output to an outside through a third con-
nection terminal (32) within the plug (30), a first connec-
tion terminal (16) and the juncture terminal (15-1, 15-2)
within the jack (10) and the juncture plug (25).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a surge protec-
tive device (hereinafter, referred to as an "SPD") for com-
munication for protecting equipment to be protected such
as communication equipment and control equipment
against intrusion of lightning surge, and a surge protec-
tive system in which a plurality of SPDs for communica-
tion are installed together.

Description of the Related Art

[0002] Conventionally, for example, Japanese Patent
No. 5778541 and U.S. Patent No. 8,730,638 B2 disclose
an SPD for power supply for protecting equipment to be
protected such as power supply equipment against in-
trusion of lightning surge, and a surge protective system
in which a plurality of SPDs are installed together.
[0003] The conventional surge protective system in-
cludes a plurality of SPDs which are installed together,
and a monitor unit which displays degradation states of
the plurality of SPDs and which supplies power supply
voltages to the plurality of SPDs. The bottom faces of the
plurality of SPDs and the bottom face of the monitor unit
are detachably attached to, for example, a mounting rail
for devices. A sensor unit for detecting intrusion of light-
ning surge at each SPD and the monitor unit are con-
nected through a power cable for supplying a power sup-
ply voltage and a communication cable for transmitting
a communication signal. Power is supplied from the mon-
itor unit to each SPD, and lightning surge detection data
is transmitted from the sensor unit of each SPD to the
monitor unit through the power cable and the communi-
cation cable.
[0004] However, the conventional surge protective
system has the following problems of (A) to (C).

(A) Problem of workability

[0005] In the conventional SPD, a connection of the
power cable and the communication cable is embedded
into a bottom face side of the sensor unit. Therefore, it
is necessary to lay the power cable and the communica-
tion cable, for example, in a state where the SPD body
is detached from the mounting rail for devices, which
leads to poor workability.

(B) Difficulty in being used in a communication system 
(that is, used as an SPD for communication)

[0006] When the conventional SPD is used in lines of
a power system (that is, used as an SPD for power sup-
ply), because it is only necessary to provide two or three
connections of SPDs, there needs to be less points where

the power cable and the communication cable are laid,
which does not take a lot of troubles for work. However,
when the conventional SPD is used in a communication
system, because the number of lines is extremely larger
than that of the power system (for example, several tens
to several hundred lines may be required), there needs
to be an extremely large number of connections of the
SPDs, which makes it difficult to lay the power cable and
the communication cable.

(C) Difficulty in annexing work

[0007] Work of annexing an SPD is difficult because it
is necessary to extend the power cable and the commu-
nication cable from those already provided.

SUMMARY OF THE INVENTION

[0008] Therefore, to solve the above-described prob-
lems of the related art, an object of the present invention
is to provide an SPD which has favorable workability in
laying cables, with which cables can be easily laid even
when the number of connections increases, and, with
which annexing work is easy, and to provide a surge pro-
tective system.
[0009] To achieve the above-described object, the
SPD of the present invention includes a jack and a plug.
[0010] The jack has an external line side terminal to
which an external line configured with a communication
line or a control line is connected, an equipment side
terminal to which equipment to be protected is connect-
ed, a first connection terminal, a second connection ter-
minal, and a juncture terminal connected to the first con-
nection terminal. The plug has a third connection terminal
detachably connected to the first connection terminal, a
fourth connection terminal detachably connected to the
second connection terminal, a protection circuit which
discharges lightning surge intruding from the external line
side terminal or the equipment side terminal through the
second connection terminal and the fourth connection
terminal to a ground side to protect the equipment to be
protected, a degradation detecting unit which detects in-
trusion of the lightning surge and detects a degradation
state of the protection circuit by comparing a history of
the lightning surge with a reference value, and a display
unit which displays a detection result of the degradation
detecting unit.
[0011] The SPD of the present invention is character-
ized in that, when a plurality of SPDs are installed togeth-
er, a juncture plug which detachably connects between
the adjacent juncture terminals in the adjacent SPDs is
provided, and the detection result of the degradation de-
tecting unit is output through the third connection termi-
nal, the first connection terminal, the juncture terminals
and the juncture plug.
[0012] The surge protective system of the present in-
vention is characterized in that a plurality of SPDs are
installed together, and a power supply unit which supplies
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the power supply voltage to the plug and which transmits
the detection result of the degradation detecting unit to
an outside is provided.
[0013] Further, another aspect of the surge protective
system of the present invention is characterized in that
a plurality of SPDs are installed together, and a power
supply unit which transmits the detection result of the
degradation detecting unit to an outside is provided.
[0014] According to the SPD and the surge protective
system of the present invention, because a communica-
tion line or a power/communication line which has been
conventionally laid using cables can be connected
through wearing of the juncture plug, the following ad-
vantageous effects of (a) to (d) can be expected.

(a) Because a cable is not used in the communication
line or the power/communication line of the SPD, it
is possible to save trouble for wiring.
(b) Because it is not necessary to extend a cable of
the communication line or the power/communication
line when an SPD is annexed, the SPD can be easily
annexed.
(c) As a result of work for installing an SPD being
simplified, workability is improved.
(d) Because trouble for laying work in the communi-
cation line or the power/communication line is re-
duced, for example, an SPD having a function of
replacement recommendation display or a function
of contact output to a distance can be attached to a
location where there are several tens to several hun-
dred lines in a communication system, or the like.

[0015] The above-described and other objects and
new features of the present invention will become more
apparent from the following description of the preferred
embodiments in conjunction with the accompanying
drawings, which are provided for illustration, not for lim-
iting the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a perspective view illustrating a surge pro-
tective system driven by an external power supply
according to a first embodiment of the present inven-
tion;
FIG. 2 is a perspective view illustrating the system
in FIG. 1 in a separated manner;
FIG. 3 is a schematic plan view of the system in FIG.
1;
FIG. 4 is a schematic diagram illustrating a juncture
image between an SPD side jack 10 and a power
supply unit side jack 60 in FIG. 2;
FIG. 5 is a left side view of an SPD 1 in FIG. 1;
FIG. 6 is a right side view of the SPD 1 in FIG. 1;
FIG. 7 is a plan view of the SPD 1 in FIG. 1;
FIG. 8 is a bottom view of the SPD 1 in FIG. 1;

FIG. 9 is a perspective view illustrating a state where
a juncture plug 25 is loaded to the SPD side jack 10
in FIG. 2;
FIG. 10A is a plan view of the SPD side jack 10 in
FIG. 2;
FIG. 10B is a plan view illustrating a juncture state
between the SPD side jack 10 and the power supply
unit side jack 60 in FIG. 2;
FIG. 10C is a plan view illustrating a state where the
juncture plug 25 is loaded to the jacks 10 and 60 in
FIG. 10B;
FIG. 11 is a perspective view of a bottom face side
in FIG. 9;
FIG. 12 is a schematic exploded perspective view
illustrating the SPD side jack 10 in FIG. 9;
FIG. 13 is a left side view of an SPD side plug 30 in
FIG. 2;
FIG. 14 is a bottom view of the SPD side plug 30 in
FIG. 2;
FIG. 15 is a partially cutout perspective view of the
SPD side plug 30 in FIG. 2;
FIG. 16 is a perspective view of an internal structure
in which internal parts of the SPD side plug 30 in
FIG. 2 are omitted;
FIG. 17 is a schematic circuit diagram illustrating a
configuration of the surge protective system accord-
ing to the first embodiment of the present invention;
and
FIG. 18 is a schematic circuit diagram illustrating a
surge protective system driven by a battery accord-
ing to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

First embodiment

(Configuration of first embodiment)

[0017] FIG. 1 is a perspective view illustrating appear-
ance of a surge protective system driven by an external
power supply according to a first embodiment of the
present invention. FIG. 2 is a perspective view illustrating
the system in FIG. 1 in a separated manner. FIG. 3 is a
schematic plan view of the system in FIG. 1. Further,
FIG. 4 is a schematic diagram illustrating a juncture im-
age between an SPD side jack 10 and a power supply
unit side jack 60 in FIG. 2.
[0018] The surge protective system driven by the ex-
ternal power supply according to the first embodiment
includes a plurality of SPDs 1 (for example, three SPDs
1-1, 1-2 and 1-3) for communication and one power sup-
ply unit 50, and these three SPDs 1 and one power supply
unit 50 are fixed and installed together using a mounting
rail for devices (for example, a DIN rail) 80. The DIN rail
80 is a device mounting fitting with, for example, a width
of 35 mm defined in DIN standards. The DIN standards
defines a mounting rail for devices for mounting electric
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equipment such as a switch and an industrial terminal
block used with AC 1000 V or lower or DC 1500 V or
lower. It should be noted that the number of SPDs 1 to
be mounted is arbitrary according to the number of lines.
Further, the three SPDs 1 and one power supply unit 50
may be directly fixed at a wooden board without using
the DIN rail 80.
[0019] Each of the SPDs 1 (for example, three SPDs
1-1, 1-2 and 1-3) is connected between each of external
line side lines 2 (for example, three external line side
lines 2-1, 2-2 and 2-3) as an external line configured with
a communication line or a control line and each of equip-
ment side lines 3 (for example, three equipment side lines
3-1, 3-2 and 3-3) connected to equipment to be protected
such as communication equipment and control equip-
ment. Each SPD 1 has a protection function of protecting
equipment to be protected against an abnormal volt-
age/abnormal current of lightning surge intruding from
the external line side line 2 or the equipment side line 3,
a display function of monitoring degradation as a result
of the SPD 1 being repeatedly exposed to the lightning
surge and displaying a degradation state of the SPD 1,
and an output function of performing external output
when replacement of the SPD is recommended. The
power supply unit 50 is connected between an external
power supply 5 and a contact output signal line 6, and
has a function of supplying a power supply voltage (for
example, DC 24 V) input from the external power supply
5 to each SPD 1 and transmitting information such as
the degradation state of each SPD 1 and SPD replace-
ment recommendation to the contact output signal line 6.
[0020] Each SPD 1 includes an SPD side jack 10 con-
nected to the external line side line 2 and the equipment
side line 3, and an SPD side plug 30 detachably attached
by insertion to the jack 10.
[0021] The SPD side jack 10 which has a wiring func-
tion and an output function, includes a substantially U-
shaped case 11. The substantially U-shaped case 11
has two facing erected parts of a first erected part and a
second erected part which have a substantially rectan-
gular cylindrical shape, and a coupling part which couples
lower parts of these first erected part and second erected
part. On the outer face side of the first erected part, two
screw-shaped external line side terminals 12-1 and 12-2
connected to a pair of external line side lines 2, and a
screw-shaped earth terminal 14-1 are provided at differ-
ent levels. On the outer face side of the second erected
part, two screw-shaped equipment side terminals 13-1
and 13-2 connected to a pair of equipment side lines 3,
and a screw-shaped earth terminal 14-2 are provided at
different levels. For example, the earth terminal 14-2 is
grounded through a grounding conductor 4.
[0022] On an upper face of the coupling part, a juncture
terminal 15-1 having three terminal parts 15-1(1), 15-1(2)
and 15-1(3), a juncture terminal 15-2 having three termi-
nal parts 15-2(1), 15-2(2) and 15-2(3) connected in par-
allel to the three terminal parts 15-1(1), 15-1(2) and
15-1(3), a first connection terminal 16 having three ter-

minal parts 16(1), 16(2) and 16(3) connected in series
with the terminal parts 15-1(1), 15-2(1), 15-1(2), 15-2(2),
15-1(3) and 15-2(3), a second connection terminal 17
configured with a jack side terminal block, and an erro-
neous insertion prevention hole 18 for preventing erro-
neous insertion of the SPD side plug 30 are disposed.
[0023] The SPD side plug 30 which has a protection
function and a display function, includes a substantially
rectangular parallelepiped case 31. The case 31 is de-
tachably attached by insertion between the first erected
part and the second erected part in the jack side case
11, and, on the upper face side, a display unit 45 and a
push-button type switch 46 for display confirmation are
disposed. The display unit 45 displays a degradation
state, or the like, of a protection circuit provided within
the case 31, and is configured with, for example, a green
light emitting diode (hereinafter, this light emitting diode
will be referred to as an "LED") 45a which displays a
normal state, a yellow LED 45b which displays a replace-
ment recommendation state, a red LED 45c which dis-
plays a degradation (failure) state, and an LED 45d for
displaying a remaining battery level. It should be noted
that because the surge protective system according to
the first embodiment is driven by a power supply which
utilizes the external power supply, and the LED 45d for
displaying a remaining battery level and the switch 46
are not used, the LED 45d and the switch 46 are not
electrically connected to other circuits.
[0024] The power supply unit 50 has the same outer
shape as that of the SPD 1 while the power supply unit
50 has different internal circuits from those of the SPD
1. This power supply unit 50 includes a power supply unit
side jack 60 connected to the external power supply 5
and the contact output signal line 6, and a power supply
unit side plug 70 detachably attached by insertion to the
jack 60.
[0025] The power supply unit side jack 60 which has
a wiring function and an output function, includes a sub-
stantially U-shaped case 61. The substantially U-shaped
case 61 has two facing erected parts of a first erected
part and a second erected part which have a substantially
rectangular cylindrical shape, and a coupling part which
couples lower parts of these first erected part and second
erected part. On the outer face side of the first erected
part, a screw-shaped power supply terminal 62-1 con-
nected at the ground side of the external power supply
5, a screw-shaped power supply terminal 62-2 connected
to a positive side (for example, +24 V) of the external
power supply 5, and a screw-shaped earth terminal 64-1
are provided at different levels. On the outer face side of
the second erected part, two screw-shaped output ter-
minals 63-1 and 63-2 connected to a pair of contact out-
put signal lines 6, and a screw-shaped earth terminal
64-2 are provided at different levels. For example, the
earth terminal 64-2 is grounded through a grounding line
4.
[0026] On an upper face of the coupling part, as with
the SPD side coupling part, a juncture terminal 65-1 hav-
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ing three terminal parts 65-1(1), 65-1(2) and 65-1(3), a
juncture terminal 65-2 having three terminal parts
65-2(1), 65-2(2) and 65-2(3) connected in parallel to the
tree terminal parts 65-1(1), 65-1(2) and 65-1(3), a first
connection terminal having three terminal parts connect-
ed in series with the terminal parts 65-1(1), 65-2(1),
65-1(2), 65-2(2), 65-1(3) and 65-2(3), a second connec-
tion terminal configured with a jack side terminal block,
and an erroneous insertion prevention hole for preventing
erroneous insertion of an SPD side plug 70 are disposed.
[0027] The power supply unit side plug 70 which has
a contact output switching function, includes a substan-
tially rectangular parallelepiped case 71. The case 71 is
detachably attached by insertion between the first erect-
ed part and the second erected part in the jack side case
61, and, on an upper face side, a display unit and a switch
for dummy are disposed as with the SPD side plug 30.
[0028] The three SPD side jacks 10 and one power
supply unit side jack 60 which are installed together are
detachably connected using three juncture plugs 25 (that
is, a first juncture plug 25-1, a second juncture plug 25-2
and a third juncture plug 25-3).
[0029] As illustrated in FIG. 4, the juncture terminal
65-2 on the power supply unit 50 side and the juncture
terminal 15-1 on the SPD 1-1 side are connected using
the first juncture plug 25-1, the juncture terminal 15-2 on
the SPD 1-1 side and the juncture terminal 15-1 on the
SPD 1-2 side are connected using the second juncture
plug 25-2, and, further, the juncture terminal 15-2 on the
SPD 1-2 side and the juncture terminal 15-1 on the SPD
1-3 side are connected using the third juncture plug 25-3.
[0030] FIG. 5 is a left side view of the SPD 1 in FIG. 1,
FIG. 6 is a right side view of the SPD 1 in FIG. 1, FIG, 7
is a plan view of the SPD 1 in FIG. 1, and FIG. 8 is a
bottom view of the SPD 1 in FIG. 1.
[0031] In the case 11 on the jack 10 side, at a lower
part of the external line side terminal 12-1 on the left side
face, a rectangular line introduction hole 12-1a is formed,
and, also at a lower part of the external line side terminal
12-2 on the left side face, a rectangular line introduction
hole 12-2a is formed. At a lower part of the equipment
side terminal 13-1 on the right side face, a rectangular
line introduction hole 13-1a is formed, and also at a lower
part of the equipment side terminal 13-2 on the right side
face, a rectangular line introduction hole 13-2a is formed.
On a bottom face of the case 11, a latching claw 11a for
latching a lateral face of the DIN rail 80 is formed. At a
position distant from the latching claw 11a, a pair of guide
rails 11b and 11c having reverse L-shaped cross sections
are formed in parallel. A rectangular plate-like rail stopper
19 is slidably attached to the guide rails 11b and 11c. At
a tip of the rail stopper 19, a latching claw 19a is formed,
and this latching claw 19a is biased by a coil spring 19b
in a direction of the latching claw 11a which faces the
latching claw 19a. The bottom face of the case 11 is de-
tachably fixed in a state where the latching claw 11a and
the latching claw 19a which face each other hold the both
side faces of the DIN rail 80 therebetween.

[0032] FIG. 9 is a perspective view illustrating a state
where the juncture plug 25 is loaded to the SPD side jack
10 in FIG. 2. FIG. 10A is a plan view of the SPD side jack
10 in FIG. 2. FIG. 10B is a plan view illustrating a juncture
state between the SPD side jack 10 and the power supply
unit side jack 60 in FIG. 2. FIG. 10C is a plan view illus-
trating a state where the three juncture plugs 25 (that is,
juncture plugs 25-1, 25-2 and 25-3) are loaded to the two
jacks 10 and 60 in FIG. 10B. Further, FIG. 11 is a per-
spective view of a bottom face side of FIG. 9.
[0033] In the case 11 of the SPD side jack 10, on an
inner side face of the first erected part and the second
erected part which face each other, to guide insertion
and detachment of the SPD side plug 30, guide convex
parts 11d and 11e extending in a longitudinal direction
are provided so as to project.
[0034] As illustrated in FIG. 9 and FIG. 10A, when the
SPD side jack 10 is not connected, the two juncture ter-
minals 15-1 and 15-2 of the SPD side jack 10 are con-
nected to each other using the juncture plug 25. As illus-
trated in FIG. 10B and FIG. 10C, when the three SPD
side jacks 10 and one power supply unit side jack 60 are
connected, the juncture terminal 65-2 on the power sup-
ply unit 50 side and the juncture terminal 15-1 on the
SPD 1-1 side are connected using the first juncture plug
25-1, the juncture terminal 15-2 on the SPD 1-1 side and
the juncture terminal 15-1 on the SPD 1-2 side are con-
nected using the second juncture plug 25-2, and the junc-
ture terminal 15-2 on the SPD 1-2 side and the juncture
terminal 15-1 on the SPD 1-3 side are connected using
the third juncture plug 25-3.
[0035] FIG. 12 is a schematic exploded perspective
view illustrating the SPD side jack 10 in FIG. 9.
[0036] The SPD side jack 10 has a rectangular plate-
like jack substrate 20 and a rectangular plate-like earth
fitting 21. Around both ends on the jack substrate 20, the
external line side terminals 12-1 and 12-2 and the equip-
ment side terminals 13-1 and 13-2 are separately at-
tached, and between the external line side terminals 12-1
and 12-2 and the equipment side terminals 13-1 and
13-2, a second connection terminal 17 configured with a
card edge connector is attached. At both ends of the earth
fitting 21, the two earth terminals 14-1 and 14-2 are sep-
arately attached, and the earth fitting 21 is connected to
a bottom face side of the jack substrate 20.
[0037] The juncture terminals 15-1 and 15-2 and the
first connection terminal 16 are respectively configured
with a jack having a female contact, and attached on a
coupling substrate 22. The coupling substrate 22 is load-
ed to an inner case 23. On both side faces of the jack
substrate 20 to which the earth fitting 21 is connected,
two inner cases 23 and 24 are loaded so as to face each
other, and on the bottom face of the earth fitting 21, the
rail stopper 19 is slidably attached through the coil spring
19b. The jack substrate 20 and the earth fitting 21 on
which these inner cases 23 and 24 and the rail stopper
19 are attached are fixed by being inserted from the bot-
tom face side of the external case 11, so that the SPD
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side jack 10 is assembled. The juncture plug 25 attached
by insertion to the juncture terminals 15-1 and 15-2 has
six male contacts 25a.
[0038] FIG. 13 is a left side view of the SPD side plug
30 in FIG. 2.
[0039] In the case 31 of the SPD side plug 30, at a
central upper part on the left side face, a substantially
rectangular concave part 31a for tab is formed. At a lower
and right part of the concave part 31a for tab, a guide
concave part 31c extending in a longitudinal direction for
accepting and guiding the guide convex part 11d of the
SPD side jack 10 is formed. At a lower part on the left
side face of the case 31, juncture plug storage space 31f
having a substantially square cross section is formed.
[0040] Meanwhile, in the case 31 of the SPD side plug
30 illustrated in FIG. 2, at a central upper part on the right
side face, a substantially rectangular concave part 31b
for tab is formed. From a lower central part to a lower
part of the concave part 31b for tab, a guide concave part
31d extending in a longitudinal direction for accepting
and guiding the guide convex part 11e of the SPD side
jack 10 is formed. Around the guide concave part 31d, a
U-shaped cutout groove 31e for providing elasticity to
this surrounding area is formed.
[0041] FIG. 14 is a bottom view of the SPD side plug
30 in FIG. 2.
[0042] On a bottom face of the case 31 of the SPD side
plug 30, at an inner side of an outer edge, a storage
concave part 31g is formed. At an inner side of the storage
concave part 31g, a third connection terminal 32 formed
with three juncture pins is provided so as to project closer
to the juncture plug storage space 31f. In a direction or-
thogonal to the third connection terminal 32, a fourth con-
nection terminal 33 formed with a plate-like card edge
terminal for being inserted into the second connection
terminal 17 of the SPD side jack 10 is provided so as to
project. Further, in the vicinity of the fourth connection
terminal 33, an erroneous insertion prevention plug 49
for being inserted into the erroneous insertion prevention
hole 18 of the SPD side jack 10 is provided so as to
project.
[0043] FIG. 15 is a partially cutout perspective view of
the SPD side plug 30 in FIG. 2, and FIG. 16 is a perspec-
tive view of an internal structure in which inner parts of
the SPD side plug 30 in FIG. 2 are omitted.
[0044] Within the case 31 of the SPD side plug 30, an
inner frame 47 having a substantially L-shaped cross
section is stored. At an end portion of an upper part of
the inner frame 47, the switch 46 is attached. In a longi-
tudinal direction of the inner frame 47, a plug substrate
48 for wiring is fixed using a screw. At an upper part of
the plug substrate 48, the switch 46, and the four LEDs
45a, 45b, 45c and 45d configuring the display unit 45 are
provided. At an upper part of the plug substrate 48, a
degradation detecting unit 40 is mounted, and, further,
below the degradation detecting unit 40, a protection cir-
cuit 34 is mounted.
[0045] The protection circuit 34 is a circuit which dis-

charges lightning surge intruding from the external line
side terminals 12-1 and 12-2 of the SPD side jack 10 or
the equipment side terminals 13-1 and 13-2 through the
second connection terminal 17 and the fourth connection
terminal 33 of the SPD side plug 30 to the earth terminal
14-2 side to protect the equipment to be protected. Fur-
ther, the degradation detecting unit 40 detects intrusion
of the lightning surge and detects a degradation state of
the protection circuit 34 by comparing a history of the
lightning surge (such as, for example, a degree of the
lightning surge and the number of times of intrusion of
the lightning surge) with a reference value.
[0046] At a lower part of the plug substrate 48, the third
connection terminal 32 and the fourth connection termi-
nal 33 are connected while piercing through a bottom of
the inner frame 47. At the bottom of the inner frame 47,
juncture plug storage space 31f and a storage concave
part 31g are formed, and the third connection terminal
32, the fourth connection terminal 33 and the erroneous
insertion prevention plug 49 are provided within the stor-
age concave part 31g so as to project.
[0047] FIG. 17 is a schematic circuit diagram illustrat-
ing a configuration of the surge protective system in FIG.
1 according to the first embodiment of the present inven-
tion. FIG. 17 illustrates a juncture state of the two SPDs
1-1 and 1-2 out of the three SPDs 1-1, 1-2 and 1-3 and
one power supply unit 50.
[0048] Each of the SPDs 1-1, 1-2 and 1-3 has the same
circuit configuration. The SPD 1-1 includes the SPD side
jack 10, and the SPD side plug 30 detachably attached
by insertion to the SPD side jack 10.
[0049] The SPD side jack 10 has the case 11, and the
two external line side terminals 12-1 and 12-2, the two
equipment side terminals 13-1 and 13-2, the two earth
terminals 14-1 and 14-2, the two juncture terminals 15-1
and 15-2, one first connection terminal 16 and one sec-
ond connection terminal 17 are attached to this case 11.
The juncture terminal 15-1 has the three terminal parts
15-1(1), 15-1(2) and 15-1(3). In a similar manner, the
juncture terminal 15-2 has the three terminal parts
15-2(1), 15-2(2) and 15-2(3), and the first connection ter-
minal 16 has the three terminal parts 16(1), 16(2) and
16(3). The terminal parts 15-1(1), 15-1(2) and 15-1(3) of
the juncture terminal 15-1, the terminal parts 15-2(1),
15-2(2) and 15-2(3) of the juncture terminal 15-2, and
the terminal parts 16(1), 16(2) and 16(3) of the first con-
nection terminal 16 are connected in parallel. The pair of
external line side lines 2-1 is connected to the two exter-
nal line side terminals 12-1 and 12-2. The pair of equip-
ment side lines 3-1 is connected to the two equipment
side terminals 13-1 and 13-2. Out of the two earth termi-
nals 14-1 and 14-2, for example, one earth terminal 14-2
is grounded.
[0050] The SPD side plug 30 has the case 31, and one
third connection terminal 32 and one fourth connection
terminal 33 are attached to this case 31. The third con-
nection terminal 32 is detachably connected to the jack
side first connection terminal 16. The fourth connection
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terminal 33 is detachably connected to the jack side sec-
ond connection terminal 17. Within the case 31, the pro-
tection circuit 34, the degradation detecting unit 40,
switching means (for example, a transistor) 44, the dis-
play unit 45, or the like, are provided.
[0051] The protection circuit 34 is a circuit which is con-
nected to the fourth connection terminal 33 and the earth
terminal 14-2, and which discharges lightning surge in-
truding from the external line side terminals 12-1 and
12-2 or the equipment side terminals 13-1 and 13-2
through the second connection terminal 17 and the fourth
connection terminal 33 to the earth terminal 14-2 side to
protect the equipment to be protected. This protection
circuit 34 is configured with a lightning protection element
such as an arrester which is a lightning protection tube
and a varistor which is a non-linear resistive element.
The lightning protection element loses its protection func-
tion when the element degrades as the number of times
of operation, or the like, by lightning surge increases.
Therefore, the degradation detecting unit 40 for detecting
a degradation state of the lightning protection element is
provided.
[0052] The degradation detecting unit 40 detects a
lightning surge current flowing between the protection
circuit 34 and the earth terminal 14-2 and detects the
degradation state of the protection circuit 34 by compar-
ing a history of this lightning surge (such as, for example,
a degree of the lightning surge and the number of times
of intrusion of the lightning surge) with a reference value.
This degradation detecting unit 40 has a control circuit
(for example, a central processing unit, hereinafter, re-
ferred to as a "CPU") 41 having an operation/control func-
tion, a memory 42 which is accessed by this CPU 41 and
in which the history, or the like, of the lightning surge is
stored, detecting means (for example, a current trans-
former, hereinafter, referred to as a "CT") 43 which de-
tects lightning surge flowing from the protection circuit
34 to the earth terminal 14-2 side and provides this de-
tection signal to the CPU 41, or the like.
[0053] The transistor 44 is connected between the two
terminal parts 16(2) and 16(3) of the jack side first con-
nection terminal 16 through the third connection terminal
32, put into an on state by a control signal of the CPU
41, and has a function of making the two terminal parts
16(2) and 16(3) conductive.
[0054] The display unit 45 is connected to the CPU 41
within the degradation detecting unit 40 and displays a
detection result, or the like, of the degradation detecting
unit 40, and is configured with, for example, the green
LED 45a which displays a normal state, the yellow LED
45b which displays a replacement recommendation
state, the red LED 45c which displays a degradation (fail-
ure) state and the LED 45d for displaying a remaining
battery level. It should be noted that because the LED
45d for displaying the remaining battery level and the
switch 46 disposed in the vicinity of the display unit 45
illustrated in FIG. 2 are not used in the first embodiment,
the LED 45d and the switch 46 are not connected to the

CPU 41.
[0055] The power supply unit 50 has the same outer
shape as that of the SPD 1-1, and includes the power
supply unit side jack 60, and the power supply unit side
plug 70 which is detachably attached by insertion to this
power supply unit side jack 60.
[0056] The power supply unit side jack 60 has a case,
and terminals such as two power supply terminals 62-1
and 62-2, two contact output terminals 63-1 and 63-2,
two earth terminals 64-1 and 64-2, two juncture terminals
65-1 and 65-2 and one first connection terminal 66 are
attached to this case. While the juncture terminal 65-1
has three terminal parts, because the terminal parts are
not used in the first embodiment, the terminal parts are
not connected to other terminals. The juncture terminal
65-2 has the three terminal parts 65-2(1), 65-2(2) and
65-2(3). In a similar manner, the first connection terminal
66 has three terminal parts 66(1), 66(2) and 66(3). The
terminal parts 65-2(1), 65-2(2) and 65-2(3) of the juncture
terminal 65-2 and the terminal parts 66(1), 66(2) and
66(3) of the first connection terminal 66 are connected
in series. The power supply terminal 62-1 is connected
to a 0-V terminal of the external power supply 5, and the
power supply terminal 62-2 is connected to +24-V termi-
nal of the external power supply 5. The pair of contact
output signal lines 6 is connected to the two contact out-
put terminals 63-1 and 63-2. For example, the earth ter-
minal 64-2 is connected to the power supply terminal
62-1 and grounded.
[0057] The power supply unit side plug 70 has a case,
and is detachably connected to the power supply termi-
nals 62-1 and 62-2 of the power supply unit side jack 60,
the first connection terminal 66, the contact output termi-
nals 63-1 and 63-2 and the earth terminal 64-2 through
the terminals attached to this case. Inside the case of the
power supply unit side plug 70, a control circuit (for ex-
ample, a CPU) 75, switching means (for example, a light
emitting diode 72, a phototransistor 73 and a relay 74)
which performs on/off operation by control of this CPU
75, or the like, are provided.
[0058] The CPU 75 is driven with +24 V supplied from
the power supply terminal 62-2. The CPU 75 is connected
to the terminal part 66(1) of the first connection terminal
66 and connected to the terminal part 66(3) of the first
connection terminal 66 through the light emitting diode
72. The CPU 75 is connected to the terminal part 66(2)
of the first connection terminal 66 and the power supply
terminal 62-1 through the phototransistor 73 which is put
into an on state by light emission of the light emitting
diode 72.
[0059] The juncture terminal 15-1 on the SPD 1-1 side
and the juncture terminal 65-2 on the power supply unit
50 side are detachably connected by the juncture plug
25-1. As illustrated in FIG. 4, the juncture terminal 15-2
on the SPD 1-1 side and the juncture terminal 15-1 on
the adjacent SPD 1-2 side are detachably connected with
the juncture plug 25-2. In a similar manner, the SPD 1-2
and the adjacent SPD 1-3 are detachably connected with
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the juncture plug 25-3.

(Operation of first embodiment)

[0060] As illustrated in FIG. 1 and FIG. 3, (I) operation
step 1 and (II) operation step 2 in the case where the
SPDs 1-1, 1-2 and 1-3 perform protection operation
against lightning surge in a state where the three SPDs
1-1, 1-2 and 1-3 and one power supply unit 50 are con-
nected, will be described with reference to FIG. 1, or the
like.

(I) Operation step 1

[0061] For example, when an excessive lightning
surge voltage occurs between the external line side line
2-1 or the equipment side line 3-1 and the earth terminal
14-2, the protection circuit 34 within the SPD side plug
1-1 operates, and a surge current is discharged through
a surge current pathway as indicated with the following
arrow (4):

"External line side terminals 12-1 and 12-2 or the
equipment side terminals 13-1 and 13-2 → protec-
tion circuit 34 → earth terminal 14-2"

[0062] When the surge current is discharged to the
earth terminal 14-2, data of the surge current detected
at the CT 43 is stored in the memory 42 through the CPU
41. The CPU 41 determines a state of the SPD 1-1 (that
is, a state of the protection circuit 34) by comparing the
history of the lightning surge (such as, for example, a
degree of the surge current and the number of times of
intrusion) stored in the memory 42 with a reference value
set in advance, and turns on any one of the green LED
45a, the yellow LED 45b and the red LED 45c at the
display unit 45 according to the determination result.
[0063] When, for example, it is determined that the
SPD 1-1 is recommended to be replaced or degrades,
the CPU 41 puts the transistor 44 into an on state using
a control signal. When the transistor 44 is put into an on
state, the terminal part (3) and the terminal part (2) of the
first connection terminal 16 become conductive, and a
power supply current flows through a current pathway
for light emitting diode operation as indicated with the
following arrow (2):

"Power supply terminal 62-2 of +24 V of power supply
unit 50 → light emitting diode 72 → terminal part (3)
of first connection terminal 66 → terminal part (3) of
juncture terminal 65-2 → juncture plug 25-1 → ter-
minal part (3) of juncture terminal 15-1 of SPD 1-1
→ terminal part (3) of first connection terminal 16 →
transistor 44 → terminal part (2) of first connection
terminal 16 → terminal part (2) of juncture terminal
15-1 → juncture plug 25-1 → terminal part (2) of junc-
ture terminal 65-2 of power supply unit 50 → terminal
part (2) of first connection terminal 66 → earth ter-

minal 64-2"

(II) Operation step 2

[0064] When the power supply current flows to the light
emitting diode 72 through the current pathway for light
emitting diode operation indicated with the arrow (2), this
light emitting diode 72 emits light. When the light emitting
diode 72 emits light, the phototransistor 73 is put into an
on state, and a current flows from the CPU 75 to the earth
terminal 64-2 through the phototransistor 73 through a
current pathway for relay operation indicated with an ar-
row (3). By this means, the CPU 75 detects that any of
the adjacent SPDs 1-1, 1-2 and 1-3 is recommended to
be replaced or is put into a degradation state (that is,
recognizes change of a state of a port) and makes the
relay 74 operate. When the relay 74 operates, a circuit
of the contact output part configured with the contact out-
put terminals 63-1 and 63-2 becomes conductive, and
the above-described detection result of replacement rec-
ommendation or the degradation state is contact output
to a distance through the contact output signal line 6.
[0065] It should be noted that the power supply unit 50
and circuits of the three SPDs 1-1, 1-2 and 1-3 adjacent
to the power supply unit 50 are connected in parallel.
Therefore, the above-described operation of the opera-
tion step 1 of (I) is performed between the power supply
unit 50 and each of the SPDs 1-1, 1-2 and 1-3 adjacent
to the power supply unit 50, and, when it is determined
that even one of the SPDs 1 is recommended to be re-
placed or degrades, a circuit which is the same as the
current pathway for light emitting diode operation indi-
cated with the above-described arrow (2), and which is
built between the power supply unit 50 and the SPD 1
for which the problem is detected, operates, and the de-
tection result of replacement recommendation or degra-
dation determination is contact output to the contact out-
put signal line 6.

(Advantageous effects of first embodiment)

[0066] According to the SPD 1 and the surge protective
system of the first embodiment, because the power/com-
munication line constructed using cables can be connect-
ed only through attachment of the juncture terminals
15-1, 15-2 and 65-2 and the plurality of juncture plugs 25
(for example, three juncture plugs 25-1, 25-2 and 25-3),
the following advantageous effects of (i) to (iv) can be
obtained.

(i) Because cables are not used in the power/com-
munication line of the SPD 1, it is possible to save
troubles for wiring.
(ii) Because it is not necessary to extend a cable of
the power/communication line when an SPD 1 is an-
nexed, the SPD 1 can be easily annexed.
(iii) As a result of work for installing the SPD 1 being
simplified, workability is improved.
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(iv) Because troubles for laying operation in the pow-
er/communication line is reduced, it is possible to
easily attach the SPD 1 having a function of "replace-
ment recommendation display" and "contact output
to a distance" at a location where there are several
tens to several hundred lines in a communication
system, or the like.

Second embodiment

(Configuration of second embodiment)

[0067] FIG. 18 is a schematic circuit diagram illustrat-
ing a configuration of a surge protective system driven
by a battery according to a second embodiment of the
present invention, and common reference numerals are
assigned to components common to those in FIG. 17
which illustrates the surge protective system driven by
the external power supply in the first embodiment.
[0068] The surge protective system driven by a battery
according to the second embodiment is configured to be
driven by batteries 80 and 90 in place of the external
power supply 5.
[0069] The surge protective system according to the
second embodiment includes a plurality of SPDs 1A (for
example, SPDs 1A-1, 1A-2, ...) in each of which the bat-
tery 80 is incorporated, and a power supply unit 50A in
which the battery 90 is incorporated, and these are con-
nected to each other with a plurality of juncture plugs 25
(for example, juncture plugs 25-1, 25-2, ...).
[0070] Each of the SPDs 1A (for example, SPDs 1A-
1, 1A-2, ...) includes an SPD side jack 10 and an SPD
side plug 30A in which the battery 80 is incorporated and
which is detachably attached by insertion to the SPD side
jack 10 as with the first embodiment.
[0071] While the SPD side jack 10 has the same con-
figuration as that of the first embodiment, wire is connect-
ed such that the terminal parts 15-1(1), 15-2(1) and 16(1)
for supplying power are not used in terminals such as
the juncture terminals 15-1 and 15-2 and the first con-
nection terminal 16, and only the terminal parts 15-1(2),
15-2(2) and 16(2) and the terminal parts 15-1(3), 15-2(3)
and 16(3) are used.
[0072] While the SPD side plug 30A has a case 31
which is the same as that in the first embodiment, the
battery 80 (for example, DC 3 V) is stored within this case
31. The battery 80 is detachably attached by insertion by
a battery cover which is provided on a side wall of the
case 31 and which is not illustrated being open and
closed. By this battery 80, the CPU 41 is driven. The
switch 46 for display confirmation is connected to the
CPU 41 to reduce power consumption, and, when this
switch 46 is depressed, the LED 45d for displaying a
remaining battery level within the display unit 45 be-
comes conductive. Further, after the switch 46 is de-
pressed, for example, any one of the green LED 45a
which displays a normal state, the yellow LED 45b which
displays a replacement recommendation state and the

red LED 45c which displays a degradation (failure) state
is turned on for approximately one second. Other config-
uration of the SPD side plug 30A is the same as that of
the plug 30 in the first embodiment.
[0073] The power supply unit 50A includes the power
supply unit side jack 60 and a power supply unit side plug
70A in which the battery 90 is incorporated and which is
detachably attached by insertion to the power supply unit
side jack 60 as with the first embodiment.
[0074] While the power supply unit side jack 60 has
the same configuration as that of the first embodiment,
because the external power supply 5 is not used, the
external line side terminals 62-1 and 62-2 are not con-
nected to the external power supply 5. Further, wire is
connected such that the terminal parts 65-2(1) and 66(1)
for supplying power are not used in terminals such as
the juncture terminal 65-2 and the first connection termi-
nal 66, and only the terminal parts 65-2(2) and 66(2) and
the terminal parts 65-2(3) and 66(3) are used.
[0075] While the power supply unit side plug 70A has
a case which is the same case as that in the first embod-
iment, the battery 90 (for example, DC 3 V) is stored
within this case. The battery 90 is detachably attached
by insertion by a battery cover provided at a side wall of
the case being open and closed. The battery 90 is con-
nected between the CPU 75 and the earth terminal 64-2
and drives the CPU 75. Other configuration of the power
supply unit side plug 70A is the same as that of the plug
70 in the first embodiment.
[0076] While the plurality of SPDs 1A (for example,
SPDs 1A-1, 1A-2, ...) and the power supply unit 50A are
connected with the plurality of juncture plugs 25 (for ex-
ample, juncture plugs 25-1, 25-2, ...) as with the first em-
bodiment, because power is not supplied from the power
supply unit 50A to each SPD 1A, only terminal parts (2)
and (3) of each juncture plug 25 are used.

(Operation of second embodiment)

[0077] As illustrated in FIG. 18, (I) operation step 1 and
(II) operation step 2 in the case where the plurality of
SPDs 1A perform protection operation against lightning
surge in a state where the plurality of SPDs 1A (for ex-
ample, SPDs 1A-1, 1A-2, ...) and the power supply unit
50A are connected will be described.

(I) Operation step 1

[0078] For example, when an excessive lightning
surge occurs between the external line side line 2-1 or
the equipment side line 3-1 and the earth terminal 14-2,
as with the first embodiment, the protection circuit 34
within the SPD side plug 1A-1 operates, and the surge
current flows through the surge current pathway indicat-
ed with the arrow (4) and is discharged to the earth ter-
minal 14-2.
[0079] When the surge current is discharged to the
earth terminal 14-2, data of the surge current detected
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at the CT 43 is stored in the memory 42 through the CPU
41. The CPU 41 determines a state of the SPD 1A-1 (that
is, a state of the protection circuit 34) by comparing the
history of the lightning surge (such as, for example, a
degree of the surge current and the number of times of
intrusion) stored in the memory 42 with a reference value
set in advance and stores the determination result in the
memory 42. When the switch 46 is depressed, the CPU
41 turns on any one of the green LED 45a, the yellow
LED 45b and the red LED 45c of the display unit 45 ac-
cording to the determination result stored in the memory
42.
[0080] When, for example, it is determined that the
SPD 1A-1 is recommended to be replaced or degrades,
the CPU 41 puts the transistor 44 into an on state using
a control signal. When the transistor 44 is put into an on
state, the terminal part (3) and the terminal part (2) of the
first connection terminal 16 become conductive, and a
current flows through a current pathway for light emitting
diode operation as indicated with the following arrow (2):

"Battery 90 of power supply unit 50A → light emitting
diode 72 → terminal part (3) of first connection ter-
minal 66 → terminal part (3) of juncture terminal 65-2
→ juncture plug 25-1 → terminal part (3) of juncture
terminal 15 of SPD lA-1 → terminal part (3) of first
connection terminal 16 → transistor 44 → terminal
part (2) of first connection terminal 16 → terminal
part (2) of juncture terminal 15-1 → juncture plug
25-1 → terminal part (2) of juncture terminal 65-2 of
power supply unit 50A → terminal part (2) of first
connection terminal 66 → earth terminal 64-2"

(II) Operation step 2

[0081] When the current flows to the light emitting di-
ode 72 through the current pathway for light emitting di-
ode operation as indicated with the above-described ar-
row (2), the light emitting diode 72 emits light. When the
light emitting diode 72 emits light, the phototransistor 73
is put into an on state, and a current flows from the CPU
75 to the earth terminal 64-2 through the phototransistor
73 through the current pathway for relay operation as
indicated with the arrow (3). By this means, the CPU 75
detects that any of the adjacent SPDs 1A-1, 1A-2, ... is
recommended to be replaced or is put into a degradation
state (that is, recognizes change of a state of a port) and
makes the relay 74 operate. When the relay 74 operates,
circuits of the contact output part configured with the con-
tact output terminals 63-1 and 63-2 become conductive,
and the above-described detection result of replacement
recommendation or the degradation state is contact out-
put to a distance through the contact output signal line 6.
[0082] It should be noted that the power supply unit
50A and circuits of the plurality of SPDs 1A-1, 1A-2, ...
adjacent to the power supply unit 50A are connected in
parallel. Therefore, the above-described operation of the
operation step 1 of (I) is performed between the power

supply unit 50A and each of the SPDs 1A-1, 1A-2, ...
adjacent to the power supply unit 50A, and, when it is
determined that even one of the SPDs 1A is recommend-
ed to be replaced or degrades, a circuit which is the same
as the above-described current pathway for light emitting
diode operation as indicated with the arrow (2), and which
is built between the power supply unit 50A and the SPD
1A for which the problem is detected, operates, and the
detection result of the replacement recommendation or
degradation determination is contact output to the con-
tact output signal line 6.

(Advantageous effects of second embodiment)

[0083] According to the SPD 1A and the surge protec-
tive system of the second embodiment, because the de-
tection result detected at the CPU 41 within the SPD 1A
is transmitted to the power supply unit 50A through the
juncture plug 25 (for example, juncture plugs 25-1,
25-2, ...), and is contact output from the power supply
unit 50A to the contact output signal line 6, substantially
the same advantageous effects as those of the first em-
bodiment are provided. Further, because the second em-
bodiment is an embodiment in which the system is driven
by batteries, and it is not necessary to supply power from
the power supply unit 50 to each SPD 1 as in the first
embodiment, it is possible to reduce troubles for wiring
of the power supply path. Modification of first embodi-
ment and second embodiment
[0084] The present invention is not limited to the
above-described first and second embodiments, and var-
ious usage forms and modifications can be employed.
For example, the shape, structure, circuit configuration,
or the like, of the SPDs 1 and 1A and the power supply
units 50 and 50A are not limited to those illustrated in the
drawings, and can be modified.

Claims

1. A surge protective device (1, 1A) comprising:

a jack (10) having an external line side terminal
(12-1, 12-2) to which an external line (2) config-
ured with a communication line or a control line
is connected, an equipment side terminal (13-1,
13-2) to which equipment to be protected is con-
nected, a first connection terminal (16), a second
connection terminal (17), and a juncture terminal
(15-1, 15-2) connected to the first connection
terminal (16); and
a plug (30, 30A) having a third connection ter-
minal (32) detachably connected to the first con-
nection terminal (16), a fourth connection termi-
nal (33) detachably connected to the second
connection terminal (17), a protection circuit (34)
which discharges lightning surge intruding from
the external line side terminal (12-1, 12-2) or the
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equipment side terminal (13-1, 13-2) through the
second connection terminal (17) and the fourth
connection terminal (33) to a ground side to pro-
tect the equipment to be protected, a degrada-
tion detecting unit (40) which detects intrusion
of the lighting surge and detects a degradation
state of the protection circuit (34) by comparing
a history of the lightning surge with a reference
value, and a display unit (45) which displays a
detection result of the degradation detecting unit
(40);

wherein, when a plurality of the surge protective de-
vices (1, 1A) are installed together, a juncture plug
(25) which detachably connects between the adja-
cent juncture terminals (15-1, 15-2) in the adjacent
surge protective devices (1, 1A) is provided, and
the detection result of the degradation detecting unit
(40) is output through the third connection terminal
(32), the first connection terminal (16), the juncture
terminal (15-1, 15-2) and the juncture plug (25).

2. The surge protective device (1, 1A) according to
claim 1,
wherein the juncture plug (25) is disposed at a posi-
tion where the jack (10) abuts on the plug (30, 30A).

3. The surge protective device (1, 1A) according to
claim 1 or 2,
wherein the history of the lightning surge includes a
degree of the lightning surge and the number of times
of intrusion.

4. The surge protective device (1, 1A) according to
claim 3,
wherein power supply terminals are respectively pro-
vided at the jack (10), the plug (30, 30A) and the
juncture plug (25), and
a power supply voltage is supplied to the plug (30,
30A) through the power supply terminal of the junc-
ture plug (25), the power supply terminal of the jack
(10) and the power supply terminal of the plug (30,
30A).

5. The surge protective device (1A) according to claim
3,
wherein a battery (80) which supplies a power supply
voltage to the degradation detecting unit (40) is pro-
vided within the plug (30A).

6. A surge protective system,
wherein a plurality of the surge protective devices
(1, 1A) according to claim 4 are installed together,
and
a power supply unit (50, 50A) which supplies the
power supply voltage to the plug (30, 30A) and trans-
mits the detection result of the degradation detecting
unit (40) to an outside is provided.

7. The surge protective system according to claim 6,
wherein a power supply voltage for driving is sup-
plied to the power supply unit (50) from an external
power supply (5).

8. A surge protective system,
wherein a plurality of the surge protective devices
(1A) according to claim 5 are installed together, and
a power supply unit (50A) which transmits the de-
tection result of the degradation detecting unit (40)
to an outside is provided.

9. The surge protective system according to claim 8,
wherein a power supply voltage for driving is sup-
plied to the power supply unit (50A) by a battery (90)
provided inside the power supply unit (50A).
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